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(54) METHOD FOR MOVING TIP OF LINEAR OBJECT, CONTROL DEVICE, AND 
THREE-DIMENSIONAL CAMERA

(57) This method for moving a tip of a linear object
is a method for moving a tip (W1s) of a linear object (W1)
gripped by a robot hand (22) to a target position (TG1),
the method comprising: a step for measuring the position

of the tip (W1s) of the linear object (W1) gripped by the
robot hand (22); and a step for moving the tip (W1s) to
the target position (TG1) on the basis of the measured
position of the tip (W1s).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
moving a tip of a line-like object when the line-like object
is grasped using a robot hand, a controller, and a three-
dimensional camera.

BACKGROUND ART

[0002] Robots have been pervasive each of which rec-
ognizes a target object using a three-dimensional camera
or the like and autonomously grasps the target object.
For grasping of a line-like object, for example, Japanese
Patent Laying-Open No. 2014-176917 (PTL 1) discloses
a robot device that performs an operation of assembling
a line-like object, wherein the line-like object has one
fixed end and is grasped in the vicinity of the fixed end,
and the grasped portion is then slid in a predetermined
trajectory to move to the other end. This makes it possible
to quickly grasp the other end while it is difficult to pre-
cisely estimate the other end due to a curl or the like in
an electric wire serving as an exemplary line-like object.
[0003] Japanese Patent Laying-Open No.
2016-192138 (PTL 2) discloses inventions relating to a
method for manufacturing a wire harness and an image
processing method. In a process for manufacturing a wire
harness, a processing position specifying process is per-
formed to specify a processing position by measuring a
three-dimensional shape of an electric wire assembly.

CITATION LIST

PATENT LITERATURE

[0004]

PTL 1: Japanese Patent Laying-Open No.
2014-176917
PTL 2: Japanese Patent Laying-Open No.
2016-192138

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] It is considered to perform control to hold an
electric wire or the like as a line-like object using a robot
hand and move the tip of the electric wire to a predeter-
mined target position, for example. For example, control
to insert the tip of the electric wire into a through hole
provided in a target object is considered. The robot hand
recognizes that the line-like object extends straight from
the region grasped by the robot hand toward the tip side.
[0006] However, actually, it is considered that the line-
like object may be curved from the region grasped by the
robot hand toward the tip side. In such a case, after rec-

ognizing the tip position of the line-like object, the tip of
the electric wire needs to be moved into the through hole
provided in the target object by moving the robot hand.
[0007] The present invention has an object to solve the
above-described problem and relates to a method for
moving a tip of a line-like object when the line-like object
is held by a robot hand, a controller, and a three-dimen-
sional camera.

SOLUTION TO PROBLEM

[0008] The present method for moving a tip of a line-
like object is a method for moving a tip of a line-like object
grasped by a robot hand to a target position, the method
including: measuring a position of the tip of the line-like
object grasped by the robot hand; and moving the tip to
the target position based on the measured position of the
tip.
[0009] In another embodiment, the measuring of the
position of the tip further includes measuring an orienta-
tion of the tip.
[0010] In another embodiment, the moving of the tip to
the target position includes matching the orientation of
the tip with a predetermined orientation.
[0011] In another embodiment, the orientation of the
tip is determined based on a shape of the line-like object
from the tip to a position of the line-like object at a pre-
determined distance.
[0012] In another embodiment, in the moving of the tip
to the target position, the target position is a hole.
[0013] In another embodiment, the moving of the tip to
the target position includes moving the tip to pass through
a predetermined front position with an orientation of the
tip at the front position being matched with a predeter-
mined orientation.
[0014] The present controller is a controller for control-
ling movement of a line-like object by a robot hand pro-
vided in a robot, wherein the controller obtains a three-
dimensional shape of the line-like object from a three-
dimensional camera that obtains the three-dimensional
shape of the line-like object, the controller obtains a po-
sition of a tip of the line-like object from the three-dimen-
sional shape, and the controller notifies, to the robot hav-
ing the robot hand, information for moving the tip to a
target position, based on the position of the tip of the line-
like object.
[0015] In another embodiment, the controller meas-
ures an orientation of the tip of the line-like object from
the three-dimensional shape of the line-like object, and
the controller notifies, to the robot having the robot hand,
information for moving the tip of the line-like object to the
target position with the orientation of the tip of the line-
like object being matched with a predetermined orienta-
tion.
[0016] The present three-dimensional camera is a
three-dimensional camera that obtains a three-dimen-
sional shape of a line-like object, the three-dimensional
camera being used to control movement of the line-like
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object by a robot hand provided in a robot, the three-
dimensional camera including a controller, wherein the
controller obtains the three-dimensional shape of the
line-like object from the three-dimensional camera, the
controller obtains a position of a tip of the line-like object
from the three-dimensional shape, and the controller no-
tifies, to the robot having the robot hand, information for
moving the tip to a target position, based on the position
of the tip of the line-like object.

ADVANTAGEOUS EFFECTS OF INVENTION

[0017] According to each of the method for moving the
tip of the line-like object, the controller, and the three-
dimensional camera, even when the line-like object is
curved from its region grasped by the robot hand toward
the tip side, the tip position of the line-like object can be
recognized and then the tip of the line-like object can be
moved into a through hole provided in a target object by
moving the robot hand.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

Fig. 1 is a diagram showing an overall system for
performing a line-like object grasping method in a
related art.
Fig. 2 is a process flow diagram of the line-like object
grasping method in the related art.
Fig. 3 is a process flow diagram of a determination
step of the line-like object grasping method in the
related art.
Fig. 4 is a diagram showing a first interference region
and a first extended interference region in the related
art.
Fig. 5 is a diagram showing a second interference
region and a second extended interference region
in the related art.
Fig. 6 is a diagram for illustrating the size of the first
interference region in the related art.
Fig. 7 is a diagram for illustrating a first determination
step in the related art.
Fig. 8 is a diagram for illustrating a first preliminary
determination step in the related art.
Fig. 9 is a schematic diagram illustrating a method
for moving a tip of a line-like object in an embodiment.
Fig. 10 is a schematic diagram illustrating another
method for moving a tip of a line-like object in the
embodiment.

DESCRIPTION OF EMBODIMENTS

[0019] The following describes a method for measur-
ing an amount of curve of a tip according to an embodi-
ment of the present invention with reference to figures.
In the embodiment described below, when referring to
the number, amount, and the like, the scope of the

present invention is not necessarily limited to the number,
amount, and the like unless otherwise described partic-
ularly. The same or corresponding components are given
the same reference characters, and may not be de-
scribed repeatedly. It is originally expected to appropri-
ately combine and use configurations in the embodiment.
In the figures, components are not described in actual
size ratios and parts of the components are shown in
different size ratios in order to facilitate understanding of
structures.
[0020] The following describes a case where an elec-
tric wire is used as an exemplary line-like object, but the
line-like object is not limited to the electric wire. The line-
like object in this description may be any object as long
as the object has an elongated shape. Examples of the
line-like object include an electric wire, a wire harness,
a solder, a cord, a thread, a fiber, a glass fiber, an optical
fiber, a tube, a dry noodle, and the like. The electric wire
is not limited to an electric wire in which thin wires are
bundled, and includes an electric wire constituted of a
single wire. In particular, in the case of a line-like object
that may be changed in shape due to occurrence of de-
flection or the like or in the case of a non-straight line-
like object, the effect of the present embodiment is ex-
hibited more noticeably.

(Related Art: Line-Like Object Grasping Method and 
Controller)

[0021] The following describes exemplary line-like ob-
ject grasping method and controller as related art with
reference to Fig. 1 to Fig. 8.
[0022] In Fig. 1, an overall system 10 for performing
the line-like object grasping method has a robot 20, a
three-dimensional camera 31, and a controller 32. A wire
harness W including an electric wire W1, an electric wire
W2, and an electric wire W3 is disposed in a working
space.
[0023] As robot 20, a known articulated robot can be
suitably used. A robot hand 22 is provided at the tip of
an arm 21 of the robot. A line-like object is grasped by a
pair of grasping portions 23 of the robot hand.
[0024] Three-dimensional camera 31 is not particularly
limited as long as three-dimensional camera 31 can
measure the three-dimensional shapes of electric wire
W1, electric wire W2, and electric wire W3. A stereo cam-
era is preferably used. The stereo camera is preferable
to measure the three-dimensional shape of a line-like
object at a high speed.
[0025] The stereo camera includes two cameras, de-
termines a corresponding point for a point to be measured
on each of two images captured from different view-
points, and calculates a three-dimensional position of the
measured point by way of the triangulation principle in
accordance with a positional relation between the two
cameras. Regarding three-dimensional measurement of
a line-like object by way of the stereo method, for exam-
ple, Japanese Patent Laying-Open No. 2-309202 de-
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scribes that images of a multiplicity of line-like objects
are captured by two cameras, and a corresponding point
is determined by checking inclinations of emission lines
and a distance between the emission lines in two images
as features. In this way, a process time required to de-
termine the corresponding point can be reduced.
[0026] In the stereo method, an epipolar line repre-
sents a straight line obtained by projecting a straight line
connecting between viewpoint and measurement point
of one image onto the other image (see Japanese Patent
Application No. 2017-221045). A corresponding point on
the other image corresponding to a point on the one im-
age is certainly projected on the epipolar line on the other
image.
[0027] In order to determine a corresponding point for
a certain point on the line-like object by utilizing the
above, an intersection point between the line-like object
and the epipolar line on the other image is determined,
with the result that the three-dimensional shape of the
line-like object can be measured at a high speed. When
line-like objects are provided with different colors for the
sake of distinction, a color camera can be used to extract
a corresponding color from an image and then a corre-
sponding point is determined, with the result that the
three-dimensional shape of each line-like object can be
determined at a higher speed.
[0028] Controller 32 communicates with three-dimen-
sional camera 31 through a communication unit (not
shown) to obtain the three-dimensional shapes of electric
wire W1, electric wire W2, and electric wire W3 from the
stereo camera. Based on the three-dimensional shapes
obtained from the stereo camera, the controller deter-
mines, using a calculation unit (not shown), whether or
not robot hand 22 interferes with another line-like object
when grasping a line-like object, and performs various
types of calculations for determining a target line-like ob-
ject to be grasped.
[0029] Via the communication unit, the controller noti-
fies, to robot 20, the grasping position of the target line-
like object to be grasped, based on the calculation results.
In addition to directly notifying the grasping position to
robot 20, the grasping position may be notified to a dif-
ferent device (for example, a robot controller or a per-
sonal computer for control), provided between controller
32 and robot 20, for controlling an operation of the robot.
[0030] The line-like object grasping method according
to the related art will be described below with reference
to Fig. 2. The line-like object grasping method according
to the related art includes: a step (S1) of measuring the
three-dimensional shapes of the plurality of electric wires
W1, W2, W3; a determination step (S2) of determining,
based on the measured three-dimensional shapes,
whether or not robot hand 22 interferes with the other
line-like objects when robot hand 22 grasps a line-like
object; and a step (S3) of grasping a target line-like object
determined based on the determination result in deter-
mination step S2.
[0031] Step S1 of measuring the three-dimensional

shapes of the plurality of electric wires W1, W2, W3 is
performed by three-dimensional camera 31. The stereo
camera captures images of the working space having
the line-like objects therein, and performs a calculation
process for two images to obtain each of the three-di-
mensional shapes of electric wire W1, electric wire W2,
and electric wire W3. Each of the three-dimensional
shapes of the line-like objects is represented in an or-
thogonal coordinate system or an oblique coordinate sys-
tem. Each of the three-dimensional shapes of the line-
like objects is preferably represented in the orthogonal
coordinate system.
[0032] Determination step S2 is performed by control-
ler 32. Details of the determination step will be described
later.
[0033] Step S3 of grasping the target line-like object is
performed by robot 20. Controller 32 notifies, to the robot,
the grasping position of the target line-like object to be
grasped, and the robot moves robot arm 21 and robot
hand 22 to perform a grasping operation.
[0034] The following describes determination step S2
in detail.
[0035] Referring to Fig. 3, in determination step S2 of
the related art, the following operations are performed:
obtaining the three-dimensional shapes of the line-like
objects (S21); selecting an attention-focused line-like ob-
ject (S22); determining a grasping position of the atten-
tion-focused line-like object (S23); obtaining a robot hand
standby position (S24); setting various types of interfer-
ence regions (S51 to S54); and performing various types
of interference determinations (S61 to S64).
[0036] First, controller 32 obtains the three-dimension-
al shapes of electric wire W1, electric wire W2, and elec-
tric wire W3 from three-dimensional camera 31 (S21).
[0037] Next, controller 32 selects an attention-focused
line-like object to be grasped by robot hand 22 (S22). In
the description below, electric wire W1 is regarded as
the attention-focused line-like object to be grasped, and
electric wires W2, W3 are regarded as line-like objects
(other line-like objects) other than the attention-focused
line-like object. The controller may receive a designation
of color or the like of an electric wire from the outside,
and may determine an attention-focused line-like object
based on the designation. Preferably, the controller au-
tonomously selects an attention-focused line-like object
(see Japanese Patent Application No. 2017-221045).
[0038] For example, when electric wire W1, electric
wire W2, and electric wire W3 are placed on a stage, a
line-like object at the highest position, i.e., the uppermost
line-like object can be selected as the attention-focused
line-like object based on the obtained three-dimensional
shapes. This is due to the following reason: even in the
case where the line-like objects are placed to overlap
with one another, when grasping a line-like object at a
higher position, robot hand 22 is less likely to interfere
with the other line-like objects.
[0039] Next, controller 32 determines a grasping posi-
tion of electric wire W1 on which attention is to be focused
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(S23). For example, the controller calculates the grasping
position of the attention-focused line-like object as three-
dimensional coordinates based on a predetermined con-
dition such as designation of several mm from the tip of
the attention-focused line-like object.
[0040] Next, controller 32 obtains the standby position
of robot hand 22 (S24). When the standby position of
robot hand 22 is determined in advance, the coordinates
thereof are obtained as the standby position. When the
standby position is determined based on the three-di-
mensional shape of the line-like object, for example,
when the standby position is determined to be located
above the line-like object by a predetermined distance,
the standby position is obtained by calculation.
[0041] Controller 32 obtains the current position of ro-
bot hand 22 from robot 20. When the current position of
robot hand 22 is different from the standby position, con-
troller 32 moves robot hand 22 to the standby position.
A line segment that connects the standby position of robot
hand 22 to the grasping position of electric wire W1 pro-
vides a substantial movement path when robot hand 22
performs a grasping operation.
[0042] Next, controller 32 sets some interference re-
gions including the grasping position of the attention-fo-
cused line-like object for the purpose of interference de-
termination between robot hand 22 and each of the other
electric wires W2, W3. In Fig. 3, a first interference region,
a first extended interference region, a second interfer-
ence region, and a second extended interference region
are set in this order. For each of all the other line-like
objects, interference determination is performed to de-
termine whether or not the other line-like object is includ-
ed in any of the interference regions.
[0043] The interference determination for each of the
line-like objects can be performed in the following man-
ner: while shifting a point or line segment on the line-like
object in the length direction, determination is made as
to whether the point exists in an interference region or
the line segment intersects the interference region. In
Fig. 3, a second preliminary determination for the second
extended interference region, a second determination for
the second interference region, a first preliminary deter-
mination for the first extended interference region, and a
first determination for the first interference region are per-
formed in this order. Hereinafter, the interference regions
and the interference determinations for the regions will
be described in an order different from the order shown
in Fig. 3.
[0044] Referring to Fig. 4, in first determination step
S61 for first interference region 51, it is determined
whether or not robot hand 22 interferes with the other
electric wires W2, W3 when grasping electric wire W1.
[0045] First interference region 51 is a planar region
that includes a grasping position P of electric wire W1
and that has a predetermined shape and a predeter-
mined size. The first interference region preferably in-
cludes grasping position P at its center. The shape of the
first interference region is not particularly limited, but is

preferably a polygonal shape, a circular shape, or an el-
liptical shape. When the first interference region has a
polygonal shape, the first interference region preferably
has a quadrangular shape, and more preferably has a
square shape. This is because a calculation load is re-
duced and the determination can be performed at a high
speed. When the first interference region has a polygonal
shape, the first interference region is particularly prefer-
ably represented by a square having sides parallel to a
plane formed by any two axes of the coordinate system
representing the three-dimensional shape of the line-like
object (hereinafter, simply referred to as "coordinate sys-
tem").
[0046] This is because the first extended interference
region described below can be made smaller to improve
efficiency of the first preliminary determination. When the
first interference region does not have a polygonal shape,
the first interference region preferably has a circular
shape. This is also because the calculation load is re-
duced and the determination can be performed at a high
speed.
[0047] An excessively large size of first interference
region 51 leads to an increased probability of erroneously
determining that there is interference even though there
is no interference actually. Referring to Fig. 6, when it is
assumed that a circle C1 represents the minimum circle
that circumscribes the maximum cross section of robot
hand 22, the first interference region preferably has a
size included in a circle having a diameter 2.0 times as
large as the diameter of C1, and more preferably has a
size included in a circle having the same size as that of
circle C1.
[0048] On the other hand, an excessively small size of
the first interference region leads to an increased prob-
ability of erroneously determining that there is no inter-
ference even though there is interference actually. Re-
ferring to Fig. 6, when it is assumed that a circle C2 rep-
resents the minimum circle that circumscribes the max-
imum cross section of grasping portions 23 operated by
robot hand 22 to grasp the line-like object, the first inter-
ference region preferably has a size that can include a
circle having the same size as that of circle C2 (see Jap-
anese Patent Application No. 2017-221045).
[0049] First interference region 51 is preferably orthog-
onal to electric wire W1. The expression "the first inter-
ference region is orthogonal to the attention-focused line-
like object" means that a direction in which the attention-
focused line-like object extends forms a right angle with
respect to the first interference region at grasping position
P. First interference region 51 is preferably orthogonal
to electric wire W1 because an equation for the plane
including the first interference region is readily deter-
mined. First interference region 51 is preferably orthog-
onal to electric wire W1 also because line-like objects
are often grasped by robot hand 22 from exactly beside
the line-like objects, i.e., in a direction of right angle with
respect to each of the line-like objects. First interference
region 51 is preferably orthogonal to electric wire W1 also
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because when another line-like object exists in the first
interference region orthogonal to the attention-focused
line-like object, robot hand 22 is highly likely to interfere
with the other line-like object even if robot hand 22 does
not grasp the attention-focused line-like object from ex-
actly beside the attention-focused line-like object.
[0050] Referring to Fig. 7, first determination step S61
can be performed by performing intersection determina-
tion to determine whether or not line segment L on the
other electric wire W2 of interest intersects first interfer-
ence region 51. Line segment L can be a line segment
between two adjacent points S, T of a group of points
representing the three-dimensional shape of electric wire
W2. When line segment L intersects the first interference
region, a point on line segment L is included in the first
interference region. The intersection determination can
be performed by a known method. For example, line seg-
ment L intersects a plane U including first interference
region 51 when respective signs of the following two inner
products are different: an inner product of a normal vector
N of plane U and a vector PS from grasping position P
to end S of line segment L; and an inner product of normal
vector N of plane U and a vector PT from grasping posi-
tion P to end T of line segment L. When line segment L
and plane U intersect with each other, it is determined
whether or not an intersection therebetween is located
within first interference region 51.
[0051] Referring to Fig. 4, first preliminary determina-
tion step S62 for first extended interference region 52 is
performed prior to the first determination, and is per-
formed in order to find, by calculation at a higher speed,
a case where robot hand 22 do not interfere with the other
electric wires W2, W3.
[0052] First extended interference region 52 is a spatial
region including first interference region 51. The shape
and size of the first extended interference region are not
particularly limited. As the first extended interference re-
gion, it is preferable to set the smallest hexahedron of
hexahedrons that each include the first interference re-
gion and that each have all the sides parallel to any axes
of the coordinate system. When the coordinate system
is an orthogonal coordinate system, this hexahedron is
a rectangular parallelepiped. In this way, the first prelim-
inary determination can be performed only by comparing
the magnitudes of the coordinates.
[0053] Specifically, referring to Fig. 8, assuming that
the coordinates of eight apexes A to H of first extended
interference region 52 are as shown in Fig. 8 and the
coordinates of one end point S of line segment L are (xS,
yS, zS), point S is located inside the first extended inter-
ference region when x1≤xS≤x2, y1≤yS≤y2, and
z1≤zS≤z2. Otherwise, point S is located outside the first
extended interference region.
[0054] Since first extended interference region 52 in-
cludes first interference region 51, the first determination
can be omitted when a result indicating that the hand
does not interfere with the other line-like objects is ob-
tained by the first preliminary determination.

[0055] Referring to Fig. 5, in the second determination
step (S63) for second interference region 53, it is deter-
mined whether or not robot hand 22 interferes with the
other electric wires W2, W3 in the path in which robot
hand 22 moves to grasping position P of electric wire W1.
[0056] Second interference region 53 is a planar region
that includes a line segment PQ connecting grasping po-
sition P of electric wire W1 to standby position Q of robot
hand 22 and that extends laterally with respect to line
segment PQ to have a predetermined width. The second
interference region preferably includes line segment PQ
at its center in the width direction. The shape of the sec-
ond interference region is not particularly limited, but pref-
erably has a rectangular shape or a parallelogram shape,
and is more preferably a rectangular shape having line
segment PQ as an axis of line-symmetry. This is because
the calculation load is reduced and the determination is
made at a higher speed.
[0057] An excessively large width of second interfer-
ence region 53 leads to an increased probability of erro-
neously determining that there is interference even
though there is no interference actually. The width of the
second interference region is preferably equal to or less
than the diameter of circle C1 in Fig. 6. On the other hand,
an excessively small width of the second interference
region leads to an increased probability of erroneously
determining that there is no interference even though
there is interference actually (see Japanese Patent Ap-
plication No. 2017-221045). The width of the second in-
terference region is preferably equal to or more than the
diameter of circle C2 in Fig. 6.
[0058] Second interference region 53 is preferably set
to attain a maximum intersection angle with respect to
electric wire W1. This is because when robot hand 22
approaches electric wire W1, grasping portions 23, 23
often travel within such a plane.
[0059] As with first determination step S61, second de-
termination step S63 can be performed by performing
intersection determination to determine whether line seg-
ment L on the other electric wire W2 of interest intersects
second interference region 53.
[0060] The second preliminary determination step
(S64) for second extended interference region 54 is per-
formed prior to the second determination in order to find,
by calculation at a higher speed, a case where robot hand
22 does not interfere with the other electric wires W2, W3.
[0061] Second extended interference region 54 is a
spatial region including second interference region 53.
The shape and size of the second extended interference
region are not particularly limited. As the second extend-
ed interference region, it is preferable to set the smallest
hexahedron of hexahedrons that each include the sec-
ond interference region and that each have all the sides
parallel to any axes of the coordinate system. When the
coordinate system is an orthogonal coordinate system,
this hexahedron is a rectangular parallelepiped. In this
way, the second preliminary determination can be per-
formed only by comparing the magnitudes of the coordi-
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nates.
[0062] Since second extended interference region 54
includes second interference region 53, the second de-
termination can be omitted when a result indicating that
the hand does not interfere with the other line-like objects
is obtained by the second preliminary determination.
[0063] When the interference determination for the
other electric wire W2 is completed by repeating deter-
mination steps S61 to S64 while shifting line segment L
for the determination in the length direction of electric
wire W2, the same process is performed for the next other
electric wire W3.
[0064] When it is determined that all the other electric
wires W2, W3 are not included in interference regions 51
to 54, controller 32 determines that there is no interfer-
ence with the other line-like objects when the grasping
position of electric wire W1 is grasped by robot hand 22.
Thereafter, electric wire W1 is regarded as a target line-
like object and the grasping position of electric wire W1
is notified to robot 20.
[0065] When it is determined that line segment L is
included in the first interference region or the second in-
terference region in one of the first determination and the
second determination, controller 32 determines that
there is interference with the other line-like object when
the grasping position of electric wire W1 is grasped by
robot hand 22. Subsequent determination steps are not
performed and the process returns to step S22. The at-
tention-focused line-like object is changed and the same
process is repeated. When controller 32 autonomously
selects the next attention-focused line-like object, a line-
like object at the next highest position can be selected
as the attention-focused line-like object based on the
three-dimensional shapes of electric wires W1 to W3 pre-
viously obtained from three-dimensional camera 31, for
example.
[0066] When it is determined that there is "interfer-
ence" with another line-like object whichever line-like ob-
ject attention is focused on, a positional relation between
the line-like objects may be changed by turning the whole
of the line-like objects to change the orientations of the
line-like objects or by shaking or vibrating the line-like
objects, and then each step may be performed again.
With distances from the grasping positions of the respec-
tive attention-focused line-like objects to the other line-
like objects closest thereto being calculated as interfer-
ence distances, a line-like object with the longest inter-
ference distance may be grasped first. In this way, the
robot can be instructed to perform the grasping operation
in an order in which the grasping is more likely to succeed.
Each of the interference distances can be simply calcu-
lated by using the distance to the grasping position from
the intersection between the first or second interference
region and the other line-like object in the interference
determination.
[0067] As described above, according to the line-like
object grasping method according to the related art, the
grasping operation is performed based on the result of

determination as to whether or not the line-like object
interferes with the other line-like objects. Hence, one line-
like object can be selected from the plurality of line-like
objects and then can be grasped by robot hand 22 (see
Japanese Patent Application No. 2017-221045).
[0068] Whether or not robot hand 22 interferes with
another line-like object may be determined by calculating
whether or not there is an intersection with the polyhedron
using CAD data on the robot hand 22 side and the three-
dimensional shape data of the line-like object. This meth-
od is excellent in precision of determination, but is a time-
consuming process.
[0069] In this related art, whether or not a line-like ob-
ject other than the attention-focused line-like object exists
in the first interference region can be determined by per-
forming the intersection determination to determine
whether or not there is an intersection between the planar
first interference region and the line-like object. Hence,
whether or not there is interference can be determined
at a high speed with a small amount of calculation. When
no line-like object other than the attention-focused line-
like object exists in the first interference region, robot
hand 22 is highly likely to be able to grasp the attention-
focused line-like object without interfering with the other
line-like objects. The same applies to the second inter-
ference region.
[0070] An order in which the determination steps are
performed is not particularly limited except that the first
preliminary determination is performed prior to the first
determination and the second preliminary determination
is performed prior to the second determination. Although
the second determination step is performed and then the
first determination step is performed in the above em-
bodiment, the order may be reversed. In the related art
described above, all the determination steps are per-
formed for each line segment while shifting line segment
L in the length direction of the line-like object. However,
after finishing one determination step (for example, the
second preliminary determination step) for a certain line-
like object, another determination step (for example, the
second determination step) may be performed onto the
same line-like object.
[0071] In the related art described above, the attention-
focused line-like object is selected (S22) before obtaining
the standby position of robot hand 22 (S24); however,
the standby position of robot hand 22 may be obtained
and then the attention-focused line-like object may be
selected based on the standby position. In this case, a
line-like object closest to the standby position can be se-
lected as the attention-focused line-like object. As the
line-like object closest to the standby position, there may
be selected a line-like object having the shortest distance
between the coordinates of the standby position and the
coordinates of the grasping position of the line-like object.
This is preferable because it is possible to preferentially
select a line-like object for which robot hand 22 is unlikely
to interfere with the other line-like objects when grasping
it.
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[0072] A posture (grasping posture) of robot hand 22
when grasping a line-like object is preferably such that
each grasping portion and the line-like object form a sub-
stantially right angle. This is due to the following reason:
when the orientation of the line-like object on the tip side
relative to the grasping position is substantially perpen-
dicular to the grasping portion, the robot can be readily
controlled when inserting the line-like object into the
processing machine or the like after grasping. Preferably,
in the standby position, the posture of robot hand 22 is
adjusted to attain such an orientation that the grasping
portion and the line-like object forms a right angle when
grasping. Thereafter, robot hand 22 moves along the sec-
ond interference region from the standby position toward
the grasping position. Accordingly, the posture of robot
hand 22, the movement direction of robot hand 22, and
the orientations of the planes of the first and second in-
terference regions match with one another, thereby at-
taining high-precision interference determination.
[0073] Robot hand 22 grasping a line-like object ac-
cording to the present invention may convey the line-like
object to each of various manufacturing devices and
processing devices. For example, the tip of a grasped
electric wire may be moved by robot hand 22 and may
be inserted into a coating stripping machine, a terminal
crimping device, or the like. Robot hand 22 may be used
in a process of manufacturing a wire harness by inserting
the tip of an electric wire into each of various types of
components such as a connector.

(Embodiments: Method for Moving Tip of Line-Like Ob-
ject, Controller, and Three-Dimensional Camera)

[0074] Next, the following discusses a case where ro-
bot hand 22 provided in robot 20 as described above
conveys a line-like object to each of various manufactur-
ing devices or processing devices. Specifically, controller
32 (see Fig. 1) controls movement of line-like object W1
by robot hand 22 provided in robot 20. Controller 32 is
intended to: obtain the three-dimensional shape of line-
like object W1 from three-dimensional camera 31 that
obtains the three-dimensional shape of line-like object
W1; obtain the position of the tip of line-like object W1
from the three-dimensional shape; and notify, to robot 20
having robot hand 22, information for moving tip W1s of
line-like object W1 to a target position based on the po-
sition of tip W1s.
[0075] Overall system 10 shown in Fig. 1 includes robot
20 having robot hand 22, three-dimensional camera 31,
and controller 32. Controller 32 may be any one of: a
controller independent of robot 20 and three-dimensional
camera 31; a controller included in robot 20; and a con-
troller included in three-dimensional camera 31.
[0076] As described above, the posture (grasping pos-
ture) of robot hand 22 when grasping a line-like object is
preferably such that the grasping portion and the line-like
object forms a substantially right angle. However, when
a line-like object having a certain degree of flexibility is

used, the tip side of the line-like object grasped by robot
hand 22 may not extend straight and may be curved.
[0077] In such a case, if robot hand 22 conveys the
line-like object without recognizing the curve of the tip
side of the line-like object, the tip of the line-like object
cannot be conveyed to a predetermined target position.
[0078] Therefore, controller 32 may measure an orien-
tation of the tip of the line-like object based on the three-
dimensional shape of the line-like object, and notify, to
the robot having the robot hand, information for moving
the tip of the line-like object to the target position with the
orientation of the tip of the line-like object being matched
with a predetermined orientation.
[0079] In an embodiment below, the following de-
scribes a method for measuring an amount of curve of
the tip of the line-like object when robot hand 22 grasping
the line-like object conveys the line-like object to the pre-
determined position. As one example of conveyance to
the predetermined position, the following describes a
case where tip W1s of electric wire W1 serving as the
line-like object is inserted into a hole TGH provided in a
target TG.
[0080] Here, the diameter of the line-like object may
fall within a range that can be recognized by the three-
dimensional camera, and is preferably 0.01 mm to 10
cm. Hole TGH provided in target TG may have any size
as long as the line-like object can be inserted therein,
and preferably has a diameter of 0.01 mm to 15 cm and
preferably has a hole depth twice or more as large as the
diameter of the line-like object.
[0081] Fig. 9 shows a state in which electric wire W1
is grasped by robot hand 22. Further, tip W1s of electric
wire W1 does not extend to form a substantially right
angle with respect to robot hand 22 and is curved.
[0082] The position of tip W1s of electric wire W1
grasped by robot hand 22 is measured. On this occasion,
assuming that L1 represents a direction extending at a
substantially right angle with respect to robot hand 22,
an amount of curve of the tip may be measured. The
amount of curve of the tip indicates how tip W1s of electric
wire W1 is deviated with respect to L1. In the measure-
ment of the position of tip W1s, the three-dimensional
shape can be measured using three-dimensional camera
31 described above. In this way, the position of tip W1s
and a deviation amount XI can be recognized.
[0083] Further, a direction in which the tip of electric
wire W1 extends can be determined by measuring a
shape of electric wire W1 from tip W1s to a position at a
predetermined distance (distance D1 in Fig. 9) and de-
termining a mean vector. For the orientation of the tip,
there may be employed a vector connecting tip W1s of
electric wire W1 to a position with an insertion length from
tip W1s to the hole.
[0084] This makes it possible to determine an orienta-
tion of an appropriate posture when inserting tip W1s into
hole TGH provided in target TG. The predetermined dis-
tance (distance D1 in Fig. 9) from tip W1s of electric wire
W1 is preferably 0.3 to 10 times as large as the hole
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depth of hole TGH provided in target TG, and is more
preferably 0.5 to 5 times as large as the hole depth of
hole TGH provided in target TG. With the amount of curve
from the tip being measured, D1 may be determined to
span to a point at which the curve is changed steeply.
Next, when the measurement of the position of tip W1s
of electric wire W1 and the measurement of the amount
of curve of the tip are finished, the position and the
amount of curve of the tip are fed back for control of move-
ment of robot hand 22.
[0085] As shown in Fig. 9, by providing a feedback
amount in accordance with the position of tip W1s and
the amount of curve of the tip, tip W1s can be moved to
hole TGH provided in target TG. In this case, when the
hole depth of hole TGH is small, a problem is less likely
to occur. However, when the hole depth of hole TGH is
large or when the diameter of hole TGH is small and is
not so different from the diameter of electric wire W1, it
is necessary to move tip W1s with the orientation of tip
W1s being matched with a predetermined orientation in
which the electric wire can be inserted into the hole. Spe-
cifically, it is necessary to move tip W1s along a direction
in which a central axis TG-A of hole TGH extends.
[0086] Therefore, as shown in Fig. 10, a front position
P11 is determined in advance to be located on an exten-
sion line of central axis TG-A of hole TGH, tip W1s is
moved to front position P11 and is moved to match the
orientation of the tip of electric wire W1 with the direction
of central axis TG-A of hole TGH.
[0087] Tip W1s may be moved in the following manner:
while moving tip W1s to front position P11, the orientation
of tip W1s is matched therewith; or after tip W1s is moved
to the front position in parallel, tip W1s may be turned at
the front position to match the orientation of tip W1s there-
with. The front position is preferably near the target po-
sition. When the target position is a hole, the front position
is preferably located on a line on which the central axis
of the hole extends. When the target position is a groove,
the front position is preferably located just above the
groove. When the target position is a terminal block, the
front position is preferably located on a line extending, in
a direction in which a terminal is connected, from a po-
sition to which the terminal is connected.
[0088] Thereafter, by moving tip W1s along the line on
which central axis TG-A extends, tip W1s can be inserted
into hole TGH even when the hole depth of hole TGH is
large or the diameter of hole TGH is small.
[0089] It should be noted that when the insertion of
electric wire W1 into hole TGH is found to be failed as a
result of determination by a sensor or the like as to wheth-
er electric wire W1 is inserted therein, electric wire W1
may be returned to front position P11, the position and
orientation of tip W1s of electric wire W1 may be meas-
ured again, the orientation of the tip of electric wire W1
may be matched with the direction in which center axis
TG-A of hole TGH extends, and tip W1s may be moved
into hole TGH.
[0090] The following describes a specific method for

measuring the amount of curve of the tip of electric wire
W1. For example, it is assumed that electric wire W1 with
a length of 100 mm protrudes from robot hand 22.

[Teaching of Target Position]

[0091] The coordinates of the target position in the ro-
bot coordinate system are registered in advance. Robot
hand 22 is controlled to grasp a straight bar B of 100 mm
(see Fig. 9), rather than electric wire W1. Since robot
hand 22 grasps an appropriate position thereof, the pro-
trusion length of bar B is 1006several mm. This bar B
has the same diameter as that of the electric wire. There-
after, bar B is scanned by the three-dimensional camera.
[0092] Then, the relative coordinates of the tip of bar
B from robot hand 22 can be calculated. This is held as
reference data such as P1, for example.
[0093] The tip of the bar is moved to the position of the
hole in which electric wire W1 is to be inserted. The tip
position of the bar when moved corresponds to the target
position. The target position may be set to inside of the
hole or may be set to a vicinity of the entrance of the hole.
The coordinates of the tip of the moved bar in the robot
coordinate system are registered as the target position.
This can be calculated by adding P1 to the coordinates
of the robot hand. This position is registered as P0. In
this way, the teaching of the target position is completed.

[Movement of Electric Wire]

[0094] Robot hand 22 is controlled to grasp electric
wire W1 to be moved. Thereafter, electric wire W1 is
scanned by the three-dimensional camera.
[0095] The relative coordinates from robot hand 22 to
tip W1s of electric wire W1 can be calculated. Assuming
the relative coordinates as, for example, P2, a vector
calculated by P0-P2 is notified to the robot as a move-
ment vector and the robot moves the electric wire.
[0096] In this way, the position of tip W1s is matched
with the positon of hole TGH.

[Movement of Electric Wire + Change of Direction]

[0097] Here, P2 represents the coordinates of the tip.
Hence, by calculating the direction (Rx, Ry, Rz) of the tip
at the same time as P2, the direction in which central axis
TG-A of hole TGH extends and the direction in which the
tip of electric wire W1 extends can be matched with each
other as described above. As described above, tip W1s
may be moved in the following manner: tip W1s is moved,
in parallel, to front position P11 determined in advance;
at front position P11, the tip of electric wire W1 is turned
to match the orientation of the tip of electric wire W1 with
the direction of center axis TG-A of hole TGH; and then
tip W1s is moved along the line on which center axis TG-
A extends. Alternatively, tip W1s may be moved in the
following manner: with no front position P11 being deter-
mined, the tip of electric wire W1 may be moved from an
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initial position to hole TGH while turning the tip of electric
wire W1 to match the direction in which the tip of electric
wire W1 extends with the direction in which central axis
TG-A of hole TGH extends. Tip W1s of line-like object
W1 may be moved in any manner as long as tip W1s of
line-like object W1 is moved to the predetermined posi-
tion to match the orientation of tip W1s with the prede-
termined direction when tip W1s reaches target position
P0.
[0098] As an example of conveying the line-like object
to the predetermined position, it has been described that
tip W1s of electric wire W1 serving as the line-like object
is inserted into hole TGH provided in target TG; however,
the line-like object and the target position are not limited
thereto. Specific examples of the target position corre-
sponding to the hole include respective predetermined
positions in an inspection device for inspecting the tip of
an electric wire, a wire stripper for stripping the coating
of an electric wire, a processing machine for connecting
an electric wire to a connector, a processing device for
crimping a crimp terminal to the tip of an electric wire,
and the like.
[0099] As another example, for example, when a wiring
is soldered onto a substrate, it is necessary to control the
orientation of the solder in accordance with the orienta-
tion of the wiring and the positions of other components.
In this case, the present invention can be used by em-
ploying the solder as the line-like object and setting the
target position to a predetermined portion of the substrate
to which the solder is to be applied or a vicinity of a po-
sition just above the predetermined portion of the sub-
strate.
[0100] Moreover, when an electric wire having a ter-
minal is moved to a terminal block, there is a restriction
in a direction in which the terminal is connected to the
terminal block. Hence, the electric wire having the termi-
nal needs to be moved to match the orientation of the
electric wire with a predetermined orientation in which
the electric wire is connected to the terminal block. In this
case, the present embodiment can be used by employing
the electric wire having the terminal as the line-like object
and setting the predetermined portion of the terminal
block or the vicinity of the predetermined portion of the
terminal block as the target position. As described above,
the target position is not limited to the hole, and may be
a predetermined inspection position, a processing oper-
ation position, a surface, a groove, or a predetermined
portion in the vicinity of a position just above each of
these positions.
[0101] The embodiments disclosed herein are illustra-
tive and non-restrictive in any respect. The scope of the
present invention is defined by the terms of the claims,
rather than the embodiments described above, and is
intended to include any modifications within the scope
and meaning equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0102] 10: overall system for grasping line-like object;
20: robot; 21: robot arm; 22: robot hand; 31: three-dimen-
sional camera (stereo camera); 32: controller; 51: first
interference region; 52: first extended interference re-
gion; 53: second interference region; 54: second extend-
ed interference region.

Claims

1. A method for moving a tip of a line-like object grasped
by a robot hand to a target position, the method com-
prising:

measuring a position of the tip of the line-like
object grasped by the robot hand; and
moving the tip to the target position based on
the measured position of the tip.

2. The method for moving the tip of the line-like object
according to claim 1, wherein the measuring of the
position of the tip further includes measuring an ori-
entation of the tip.

3. The method for moving the tip of the line-like object
according to claim 2, wherein the moving of the tip
to the target position includes matching the orienta-
tion of the tip with a predetermined orientation.

4. The method for moving the tip of the line-like object
according to claim 2 or claim 3, wherein the orienta-
tion of the tip is determined based on a shape of the
line-like object from the tip to a position of the line-
like object at a predetermined distance.

5. The method for moving the tip of the line-like object
according to any one of claims 1 to 4, wherein in the
moving of the tip to the target position, the target
position is a hole.

6. The method for moving the tip of the line-like object
according to any one of claims 1 to 5, wherein
the moving of the tip to the target position includes
moving the tip to pass through a predetermined front
position with an orientation of the tip at the front po-
sition being matched with a predetermined orienta-
tion.

7. A controller for controlling movement of a line-like
object by a robot hand provided in a robot, wherein
the controller obtains a three-dimensional shape of
the line-like object from a three-dimensional camera
that obtains the three-dimensional shape of the line-
like object,
the controller obtains a position of a tip of the line-
like object from the three-dimensional shape, and
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the controller notifies, to the robot having the robot
hand, information for moving the tip to a target posi-
tion, based on the position of the tip of the line-like
object.

8. The controller according to claim 7, wherein
the controller measures an orientation of the tip of
the line-like object from the three-dimensional shape
of the line-like object, and
the controller notifies, to the robot having the robot
hand, information for moving the tip of the line-like
object to the target position with the orientation of
the tip of the line-like object being matched with a
predetermined orientation.

9. A three-dimensional camera that obtains a three-di-
mensional shape of a line-like object, the three-di-
mensional camera being used to control movement
of the line-like object by a robot hand provided in a
robot,
the three-dimensional camera comprising a control-
ler, wherein
the controller obtains the three-dimensional shape
of the line-like object from the three-dimensional
camera,
the controller obtains a position of a tip of the line-
like object from the three-dimensional shape, and
the controller notifies, to the robot having the robot
hand, information for moving the tip to a target posi-
tion, based on the position of the tip of the line-like
object.
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